INTRODUCTION
Glycine, besides its numerous metabolic functions (Meister, 1975) , is widely held to fulfil most of the criteria for an inhibitory neurotransmitter in the mammalian central nervous system, mainly in the spinal cord (Aprison & Daly, 1978) and probably in some localized areas of the brain such as substantia nigra (Pycock et al., 1981) .
The uptake of neutral amino acids such as glycine by animal cells is divided between a few transport systems that have overlapping substrate reactivities (Sershen & Lajtha, 1979; Christensen, 1979; Guidotti et al., 1978) . Largely on the basis of the pattern of competitive interactions between neutral amino acids and on the ionic dependency, Oxender & Christensen (1963) (see also Christensen et al., 1973) proposed the existence of different transport systems for glycine in various animal cell types: the Na+-dependent System Gly, specific for this amino acid and its N-methylated derivative sarcosine (Christensen & Handlogten, 1981) ; and System A, which is effective for amino acids having short, polar or linear side chains, such as alanine glycine and the nonmetabolizable analogue 2-aminoisobutyric acid and its N-methylated derivative 2-(methylamino)isobutyric acid (MeAIB) . Transport by System A is Na+-dependent, and it has been shown to be much decreased at lowered extracellular pH. A third Na+-dependent transport system for glycine has also been characterized in animal cells. This system, able to transport alanine, serine and cysteine, is designated System ASC. The System L is most effective for branched-chain and aromatic amino acids; it has been described in a wide variety of animal cell types and is Na+-independent (for reviews see White, 1985) .
In previous studies from our laboratory, we have reported the existence of two efficient uptake systems for glycine in glioma cells on the basis ofthe ionic dependency and the kinetic features (Zafra & Gimenez, 1986a,b) . One system is Na+-and Cl--dependent with high affinity for the substrate, and the other is Na+-dependent but C1--independent and with low affinity for glycine. The former system showed kinetic constants and energetic requirements similar to those found in nerve terminals (Mayor et al., 1981; Kuhar & Zarbin, 1978; Logan & Snyder, 1972) .
Although the high-affinity component of the transport system for glycine has been fairly well characterized in glial cells (Zafra & Gimenez, 1986a,b) and implicated in the termination of glycine action at post-synaptic receptors (Henn, 1976; Schrier & Thompson, 1974) , the low-affinity component has been less well studied and is not well understood. For this reason, we undertook this investigation to characterize in detail the transport of glycine in glial cells and to explore its regulation by amino acid availability. (Benda et al., 1968) (v/v) fetal-calf serum in 100 mm-diameter plastic dishes. They were maintained at 37°C in humidified air with 5 % CO2. Cells were subcultured twice weekly by standard procedures. The methods for harvesting and subculturing have been described previously (Volpe & Marasa, 1975) . For glycine-uptake experiments, cells were grown in 24-well tissue-culture plates to reach confluency. For amino acid deprivation experiments, the growth medium ofconfluent cultures was changed to Earle's balanced salt solution with sera dialysed to remove amino acids.
Uptake experiments
Assays were performed at 37°C in 200 ,1 of Krebs-Ringer phosphate medium (KRP) (Ross, 1972) , containing the following: 140 mM-NaCl, 5 mm-KCl, 0.75 mM-CaCl2, 1.3 mM-MgSO4, 10 mM-Na2HPO4, 10 mMglucose, pH 7.4. All solutions used in the uptake experiments were prepared with distilled water and filtered through Millipore filters (0.45 ,um pore size). The osmolarity of all solutions was kept constant during the uptake experiments. The growth medium was removed by aspiration and, after two 0.5 ml washes with KRP (37°C), cells were preincubated with 0.5 ml of KRP for 30 min. At zero time this medium was removed and 200 ,dl of KRP containing radioactive glycine (0.1 ,uCi) was added. Cells were incubated for the indicated time, rinsed with 3 x 0.5 ml of fresh KRP (2-4 C) within 10 s and then dissolved in 250,tl of 0.2 M-NaOH. A 150 pli sample was placed directly into a scintillation vial and counted for radioactivity after addition of 10 ml of scintillation solution (60 g of naphthalene, 4 g of 2,5-diphenyloxazole, 400 ml of ethylene glycol and 600 ml of toluene).
All incubations were carried out in triplicate. Each experiment was repeated at least three times with different cell cultures. The protein content of each well was measured by the method of Bradford (1976 (Magar, 1972) .
RESULTS

Fig
. 1 shows kinetic studies of the transport of glycine in C6 glioblastoma cells which were performed by measuring the initial rates of uptake of glycine over a wide range of substrate concentrations (10 /LM-10 mM). Previous workers who studied transport of amino acids into cells corrected it for non-saturable diffusion (nonspecific transport). To make this correction, we used the experimental corrections described previously for other preparations (Kontro & Oja, 1978; Abelle et al., 1983) . Kinetic analysis of the data revealed that the total uptake was not saturable and, by using the analytical method described in the Experimental section, the system was resolved into two saturable components: one with a Km of 95 tMand a Vax. of 1.85 nmol/min per mg of protein (referred to as the high-affinity component), and a second component with a Km of 2.45 mm and a max. of 13.5 nmol/min per mg of protein (referred to as the lowaffinity component). The same experiments demonstrate that both high-affinity and low-affinity systems are highly dependent on the presence of Na+, and that the high-affinity system disappeared when Cl-ions were absent from the external medium (Fig. 1 ).
The uptake of 10 /,M-glycine in a medium containing Na+ and Cl-ions was tested for possible inhibition by various amino acids and derivatives, some naturally occurring and others artificial ( Table 1) . The results of this experiment show that the high-affinity system is highly specific for glycine, being inhibited only in the presence of unlabelled glycine, sarcosine (N-methylglycine) or the methyl and ethyl esters of glycine. It is by using Student's t test: *P < 0.05; **P < 0.01; ***P < 0.001.
High-affinity uptake Low-affinity uptake (nmol/7 min per mg of protein) (nmol/7 min per mg of protein) systems to its total uptake), the Na+-dependent MeAIBnon-inhibitable fraction is likely to reflect the activity of System ASC. The activity of System A for glycine in the controls (normal culture medium) can be estimated by the difference between total and MeAIB-non-inhibitable uptake, and represents about 15 % of total uptake. (Fig. 3) . affinity uptake of glycine in order to distinguish between the possible contribution of Systems A and ASC to the total uptake. The high-affinity component of the transport system is moderately pH-sensitive. The lowaffinity component shows a different pH-dependency from that previously reported for the A and ASC Systems in other preparations (Christensen & Handlogten, 1981) , 
but nevertheless the ASC System in glioma cells shows a marked pH-sensitivity (Fig. 4) . The requirement for macromolecular synthesis in the adaptive response of System A was tested by exploring the effect of actinomycin D and cycloheximide, inhibitors oftranscription and translation respectively, on the amino acid-deprivation-induced transport of glycine (Table 3) . After incubation with actinomycin D or cycloheximide for periods not exceeding 6 h, in order to avoid cell damage, this experiment demonstrates that the enhancement of System A activity by deprivation of amino acids apparently requires synthesis of both RNA and protein.
The deprivation-enhanced activity of low-affinity transport of glycine (System A) is reversed by amino acid repletion. As shown in Table 4 , after a 19 h incubation in an amino acid-free medium, the low-affinity transport of glycine was increased 3-fold above the values in cells incubated in DMEM medium. This increase was augmented when the incubation was continued for a further 5 h. This additional increase was blocked when cycloheximide was present during the 5 h incubation. When glioblastoma cells subjected to a 19 h de-repression were transferred to a medium containing a full complement of amino acids (DMEM medium), the activity of transport System A decreased. The addition of cycloheximide to this repressive medium prevented the decrease in transport activity. Repression of the amino acid-deprivation-induced transport component was also observed when either 10 mM-glycine or 10 mM-alanine was added for 5 h to the 19 h-deprived cells. Again, addition of cycloheximide prevented this amino acidmediated repression. y-Aminobutyric acid was ineffective in repression of the deprivation-induced transport component.
DISCUSSION
Previous results from our laboratory and those included in the present paper clearly show that the transport of glycine in C6 glioma cells take place mainly in a heterogeneous Na+-dependent manner, which can be resolved into different components. The Na+-dependent system accounts for practically all of the transport of glycine in glioma cells at physiologically relevant substrate concentrations, and there was a minor Na+-insensitive component which was not saturated at substrate concentrations up to 15 mM.
The Na+-and Cl--dependent component of the transport system shows high affinity for glycine, is pH-sensitive, and is very specific for the substrate, only recognizing glycine, its N-methylated derivative sarcosine, or the methyl and ethyl esters. All these characteristics correspond to the System Gly described by Christensen and co-workers in pigeon erythrocytes (Christensen & Handlogten, 1981) , rabbit reticulocytes (Eavenson & Christensen, 1967) , and rat hepatocytes (Christensen & Handlogten, 1981) . This system shows kinetic features and ionic dependency very similar to those of the high-affinity system for glycine in nerve terminals (Mayor et al., 1981) , and it is thought to participate in the inactivation of neuronally released glycine. The existence of this transport system located in glial cells supports the hypothesis that glial cells may participate actively in the modulation of neuronal excitability by controlling the concentrations of neuroactive substances in the extracellular milieu of neurons.
On the other hand, the low-affinity component of the transport of glycine in glial cells can be discriminated as two components, namely System A and System ASC, by using the general criteria given by Christensen and his associates to differentiate between transport systems for amino acids in intact cells (Christensen, 1982 (Christensen, , 1984 . On the basis of sensitivity to inhibition by MeAIB and substrate specificity, it can be demonstrated that the main proportion of glycine transport through the lowaffinity system is carried out by the ASC System, which appears to be constitutively expressed by the cell . Nevertheless, the system showed a different pH-sensitivity in glial cells from that described for the System ASC in other preparations (Christensen & Handlogten, 1981) . The adaptive response of the lowaffinity Na+-dependent transport of glycine to amino acid deprivation was identified with System A on the basis of its Na+-dependency, pH-sensitivity and by Vol. 258 407
